Summary
Abnormalities of the capillary microcirculation may be important in the pathogenesis of venous ulceration. In this study the characteristics of capillary vasomotion in venous disease have been studied using laser Doppler flowmetry.
The amplitude and frequency of vasomotion in the skin microcirculation as measured by laser Doppler flowmetry was determined in 101 subjects. These comprised 43 subjects with venous disease and lipodermatosclerosis (LDS), 14 subjects with uncomplicated varicose veins (VV), and 44 normal controls. In 43 of these 101 limbs, vasomotion was also measured after heating the skin to 43 DC.
The resting laser Doppler flux was significantly higher in the LDS group compared to the other two groups (LDS median=76, VV median=47 (P<0.04), controls median=49 (P<0.003». The amplitude of vasomotive waves was significantly higher in the LDS group compared to controls (LDS median=20, VV median=8.3 (P< 0.007), controls median= 14 (P<0.007», as was the frequency of vasomotion (LDS median=3.3 waves/min, VV median=2.5 (P=ns), controls median=2.7 (P< 0.007».
On heating the skin to 43 DC the frequency of the vasomotion increased significantly in the control (P<0.004) and VV (P<0.04) groups but not in the LDS group. The amplitude of the vaso-motion also increased significantly in the control (P< 0.01) and VV (P<0.002) groups but not in the LDS group. Following heating, the frequency ofvasomotive waves was significantly lower in the LDS group than in controls (P=0.05).
Introduction
Laser Doppler flowmetry has become an important tool in the quantitative evaluation of the skin microcirculation. One of the features of the skin laser Doppler flux is the presence of a constant rhythmical fluctuation called vasomotion. This is related to the constant dilatation and constriction of the arterioles, capillaries and shunt vessels. The mechanism by which this occurs has not been fully elucidated, but is probably chiefly due to the effect oflocal metabolic factors on the arteriolar sooth muscle'. At the precapillary sphincter level, autonomic innervation may also playa part, although its relative importance is not clear.
In patients with lipodermatosclerosis (LDS) as a result of venous disease, ulceration of the skin often occurs. It has been proposed that this is the result of hypoxia due to pericapillary fibrin deposition acting as a physical barrier to oxygen diffusion-, However, pericapillary fibrin deposition may also reduce the distensibility of the microcirculation as seen in hyalin deposition in diabetics" and may in turn cause a change in the vasomotion characteristics of the microcirculation. The 'white cell trapping' theory of skin damage in venous disease explains venous ulceration in terms of the interaction of activated leucocytes with the endothelium, leading to a perfusion deficit and the release of proteolytic enzymes and toxic free radicals". Endothelial activation in this process might also be expected to affect the vasomotive characteristics of the skin microcirculation in lipodermatosclerosis.
The aim of this study was to examine the characteristics of vasomotion in the skin of patients with LDS as compared to controls. In a subgroup of patients and controls, the response of vasomotion to heating was also investigated.
Patients and methods
One hundred and one subjects were studied. Fortythree subjects (23M, 20F, mean age 63) had LDS as a result of deep or superficial venous insufficiency confirmed by duplex scanning on an Acuson 128 scanner (Acuson Inc, Mountain View, California), 14 subjects (5M, 9F, mean age 55) had uncomplicated varicose veins, and 44 subjects (20M, 24F, mean age 51) were normal controls with no venous or arterial pathology found on history or clinical examination.
The study was performed in a temperature and humidity controlled chamber (21DC and 30% rh), After acclimatization in the chamber for 15 min, the laser Doppler flux was recorded from the area of deepest pigmentation in the LDS group and from 6 cm above the medial malleolus in the other two groups, using a laser Doppler Fluxmeter (Perimed model PF2, Perimed, Stockholm, Sweden) connected to a chart recorder. Calibration was performed using Periflux Motility Standard PFlOO solution. In 14 of the subjects with LDS, 14 ofthe subjects with VV and 15 of the normal controls, the laser Doppler probe was placed in a specially constructed collar with a brass block (previously described by Rayman et al. 5 ) which heated the skin to 43 DC.
The chart recordings were analysed manually. The basal laser Doppler flux in millivolts (mV) and the average amplitude and frequency of the vasomotion over a 5 min period were calculated. In the subjects in whom the skin was heated, the basal laser Doppler flux, amplitude and frequency of the vasomotion following heating was also measured. Results were analysed using the Mann-Whitney test to compare inter-subject differences and the paired Wilcoxon test to compare intra-subject differences after heating, as the data did not follow a Gaussian distribution. Results Figure 1 shows the basal pre-heated laser Doppler flux in each group. The flux was significantly higher in the LDS group compared to the other two groups (LDS median=76 mY, interquartile range (IQR) 47-148; VV median=47, IQR 37-67, P<0.04; controls median=49, IQR 40-66, P<0.003). Figure 2 shows the amplitude of the vasomotion in each of the groups. Again this was significantly different in the LDS group compared to the other groups (LDS median=20 mV, IQR 11-45; VV median=8, IQR 3-21, P<0.007; controls median=14, IQR 8-23, P<0.007). However, the ratio of the amplitude to the basal flow was not significantly different in any of the groups. Figure 3 shows the frequency of the vasomotion in each of the groups. This was significantly higher in the LDS groups compared to the control group but not compared to the VV group (LDS median=3.3, IQR 3-4; VV median=2.5, IQR 2.5-4; controls median=2.7, IQR 1.9-3.3, P=0.0006).
On heating the skin to 43°C the frequency of vasomotion increased significantly in the control (P< 0.004) and in VV (P< 0.04) groups but not in the LDS group. The amplitude of the vasomotion also increased significantly in the control (P< 0.001) and in VV (P< 0.002) groups but not in the LDS group. These are shown in Figures 4 and 5 . Following heating the frequency of vasomotion was higher in 
Discussion
Vasomotion is a well known component of the signal obtained from laser Doppler studies of the skin. The phenomenon has also been demonstrated in tissues other than the skin such as muscle", mesentery? and testis",
The cause and control of vasomotion are still not clear. In particular, the role played by nervous innervation remains uncertain. It was long thought that the myogenic theory of microcirculatory control was sufficient explanation for the phenomenons, However, there is evidence that it is at least in part controlled by innervation of the vessels. Vasomotion has been shown to be reduced as a result of transcutaneous nerve stimulation10. Using water plethysmography, Christensen showed a loss of variability in resting blood flow in the foot in diabetics with neuropathy!', implying an autonomic component to the control of vasomotion. Vasomotion does not appear to be influenced by nerve blockade'P, but as sympathetic fibres travel principally along large vessels rather than nerve trunks, this does not exclude autonomic nervous control of the phenomenon.
The frequency of vasomotion is partially related to skin temperature and correlates positively with it 12 • This may explain our finding of higher frequencies of vasomotion in LDS subjects, as the blood flow in LDS subjects is significantly higher than normal, a finding previously reported13.
One criticism of the methodology used in this study could be the way in which the frequency of the vasomotion was calculated. It is known that the signal generated from the laser Doppler probe is complex and has superimposed physiological and electrical components'", Ideally, these should be eliminated if a 'clean' signal is to be obtained. This can be done by applying a fast Fourier Transform to the signal to identify regular frequencies such as those imposed by respiration or the heart beat. This is mathematically very labour intensive and can only be done practically by feeding the signal into a computer and having the Fourier Transform automatically performed. Weare currently developing software that will perform this task and will be reporting our results in due course.
Why the frequency of vasomotor activity fails to increase in the LDS group after heating is less clear. The possible restrictive effect of pericapillary fibrin has already been mentioned. Alternatively (or additionally) there may be an adverse effect on the intrinsic myogenic properties of the vessel walls as a result of interaction between the endothelium and circulating activated leukocytes. White cell sequestration has been demonstrated in both the upper and lower limb as a result of raised venous pressure 15 • l 6 ; if the site of sequestration is the microcirculation, as proposed by the white cell trapping theory of venous skin damage, alteration of vessel wall functional characteristics would be anticipated. A third possibility is the presence of a hitherto unsuspected autonomic neuropathy in venous disease. Venous hypertension is associated with an increased transcapillary pressure, as defined by Starling's hypothesis!", Resultant perineural oedema may lead to reduced nerve blood flow, a phenomenon reported in experimental models by Myers et al.t": Sympathetic neuropathy in diabetics is associated with a reduction in the spontaneous variability of blood flow in the periphery!'. Weare currently investigating the presence or absence of peripheral neuropathy in patients with chronic venous insufficiency.
